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p90 RSK Inhibitors as Tlierapeutics and Investigative Tools 
Background 

baprop&c regulation of the Mito^-activated Protem Kinase (MAPK) pathway is a 
distinguishing characteristic in many tumors as well as neurological diseased states such as 
epilepsy. p90 Ribosomal S6 Kinase (RSK) is a downstream component of the MAPK signaling 
pathway and is activated by MAPK. Therefore, unregulated stimulation of the MAPK pathway 
results in unregulated RSK catalytic activity. The contribution of upstream components such as 
Epidermal Growth Factor Receptor (EGFR) and the products of the proto-oncogenes c-src, ras, 
and raf to diseased states has been well documented. Activation of any of these signaling 
molecules results in physiological responses by the cell. However, the extent to which these 
physiological responses function throng RSK is unknown. 

The paucity of data concerning key biological roles of the Ser/Thr protein kinase Rsk 
femily in somatic cells results primarily fiom the difficulty in distinguishing Rsk function fiom 
those of MAPK itself aad of the many other downstream MAPK eflfectots. This difficulty has 
arisen because of the lack of any Rsk-spedfic mhibitors. Accordingly, a RSK specific inhibitor 
is highly desirable for use as a tool for mvestigating RSK fimction under normal conditions and 
under diseased conditions in which regulation of the MAPK signaling pathway has been 
compromised. The present invention provides a method for screening for such inhibitors and 
identifies Rsk-specific inhibitors and the use of composition comprising such inhibitors for the 
treatment of diseases associated with elevated RSK activity. 

Brief Summary of tihe Invention 

A metiianolic extract fcom the plant Forsteronia refracta has been discovered to contain 
several potent RSK inhibitors. The compounds have been shown to be specific inhibitors of 
RSK in vitro and in situ. In addition, inhibition of RSK by the compounds halts proliferation of 
cancer cell lines while having little effect on tiie proliferation rate of normal ceUs. Therefore, ttie 
present invention identifies RSK as a target for therapeutic intervention in diseased states in 
which flie disease or tiie symptoms can be ameliorated by inhibition of RSK catalytic activity or 
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in combination with additional therapies. Any compound for which direct inhibition of RSK 
constitutes all or part of its physiological effect can fulfill tiiis objective. This includes, but is not 
limited to the compoimds or analogs thereof from the plant extract described herein. 

Brief Summary of the Drawings 

Fig. 1: Molecular structure of SLOlOl-1, SLOlOl-2 and SLOlOl-3 

Fig. 2: Inhibitory potency of SLOl 01-1, SLOlOl-2 and SLOlOl-3. The catalytic activity 
of RSK in the presence of increasing concentrations of each compound was measured. The ICsqS 
of each compound was determined. 

Fig. 3 : In vitro specificity of SLOlOl . The influence of SLOl 01 on the catalytic activity 
of several protein kinases was examined. 

Fig. 4: In situ examination of SLOlOl efficacy. SLOlOl reduced phosphorylation of the 
in vivo RSK substmtes Estrogen Receptor a (ER a) and ppl40. Phosphorylation of ER a and 
ppl40 was detected with anti-phospho-specific antibody recognizing flie RSK phosphorylation 
site in these substrates. Presence of the inhibitor did not alter phosphorylation of RSK as 
indicated by the reduced mobility of RSK during SDS-PAGE. SLOl 01 did not inhibit 
phosphor^ation of MAFK as indicated by the anti-phospho-specific antibody recognizing 
phosphorylated, active MAPK. 

Fig. 5: SLOlOl inhibits proliferation of transformed cells but not parental cells. 
hiha>ition of RSK by SLOlOl halts proliferation of Ha-ras-transformedNIH/3T3 cells but has 
littie effect on the proliferation rate of non-transformed NIH/3T3 cells compared to tiiat observed 
with vehicle alone. Proliferation was measured using Promega CellTiter-Glo™ Luminescent cell 
viability assay. 

Fig. 6. Identification and characterization of SLOlOl-1. a. Kinase assays were performed 
using immobilized substrate. The extent of phosphorylation was determined using 
phosphospecific antibodies directly labelled with horseradish peroxidase (HRP)-conjugated or 
phosphospecific antibodies in combination with HRP-conjugated secondary antibodies. All 
assays measured the initial reaction velocity, b. Assays were performed as described in a. 
Maximum activity was measured in flie presence of vehicle, c, Assa>^ were performed as 
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described in b in fhe presence of vehicle or extract and varying concentrations of ATP- d. The 
potency of the purified compounds and kaempferol to inhibit Rsk catal3^c activity was measured 
in assays as described in b. e. Structure of SLOlOl-1. f, ICinase assays were performed as 
described in b in the presence of vehicle, 2 M SLOlOl-1 or 10 M H89. 

Fig. 7. SLOlOl-1 inhibits activity of the amino-tenninal kinase domain, a, HA-tagged 
Rsk2 and an HA-tagged truncation mutant contaming the NTKD (Rsk2 (1-389)) were ttansfected 
into baby hamster kidney 21 (BHK21) cells. The HA-tagged proteins were immunoprecipitated 
from lysates of EGF-stimulated ceUs. Assays were performed as described in Fig. 6b in the 
presence of vehicle, 2 M SLOlOl-1 or 2 M Ro 318220. b. The adenosine mtCTacting loop of Rsk 
is modeled from the crystal structure of PKA. c, HA-tagged proteins were immunoprecipitated 
from the lysates of EGF-stimulated BHK21 cells transiently transfected with the indicated 
HA-tagged constructs. Assays were performed as described in Fig. 6b in the presence of vehicle, 
2 MSL0l01-lor2 MRo 318220. 

Fig. 8, SLOIOI-I preferentially inhibits cancer cell proliferation, a, MCF-7 and MCF-lOA 
cells were pre-incubated wifli vehicle, 50 M U0126 or the indicated concentration of SLOlOl-1 
for3hr. Cells were treated witiii 500 nM PDB for 30 mm prior to lysis. Protem concentration of 
lysates was measured and lysates were electrophoresed, traiusferred and immunoblotted. Equal 
loading of lysate is demonstrated by the anti-Ran immimoblot. b, Ha-Ras-transfoimed NIH/3T3 
cells and parental NIH/3T3 cells were treated with 50 M SLOlOl-1 or vehicle and cell viability 
measured at the indicated tune points, c, Ha-Ras-transformed NIH/3T3 cells were treated with 
vehicle, 50 M SLOIOM or 50 M U0126. Images were taken 48 hr after treatment at 20X 
magnification, d, Ha-Ras-transformed and NIH/3T3 cells were treated with vehicle or 50 M 
SLOlOl- 1 . After 48 hr the medium was replaced and cells previously incubated with vehicle 
were maintained in vehicle. Cells that had previously been incubated with SLOlOl-1 were 
treated with either SLOlOl-lor vehicle (washout). Cell viability was measured 48 hr later, e, 
MCF-7 and MCF-lOA cells were treated with vehicle or 100 M SLOlOl-1 and cell viability 
measured at mdicated time points, f. Duplex siRNAs to a sequence in the bluescript plasmid 
(Control), Rskl and Rsk2 were transfected into MCF-7 cells. Medium was replaced 24 hr 
post-transfection and the cells incubated for an additional 48 hr prior to measuring cell viability. 
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Fig. 9 Rsk is a potential drug target for breast cancer, a, MCF-7 and MCF-1 OA cells were 
treated with vehicle or flie indicated compounds- Cell viability was measured 72 hr after 
treatment Proliferation is represented as a percentage of that in the presence of vehicle, b, 
Normal (N) and cancerous breast tissue (LC, lobular carcinoma; MC, mucinous carcinoma; A, 
adenocarcinoma) was ground under liquid nitrogen and lysed in SDS-loading buffer. Protein 
concentration of lysates was measured and lysates were electrophoresed, transferred and 
immunoblotted. Equal loading of lysate is demonstrated by the anti-Ran inununoblot c, MCF-7 
cells were treated with vehicle or 50 M SLOlOl-1 in serum-free medium. Cell viability was 
measured at indicated time points. 

Fig. 10 SLOlOlcompletely inhibits the proliferation of LNCaP cells but not C4-2 cells. 
LNCaP and C4-2 cells were treated with vehicle or 100 M SLOlOl in the presence of 1 nM of 
ttie synflietic androgen, R1881. A proliferation assay using CellTiter-Glo Luminescent Cell 
Viability Assay (Promega) was performed and die data expressed relative to time 0. 

Fig. 1 1 The RSK signal transduction pathway is dis-regulated in C4-2 compared to 
LNCaP cells. (A) LNCaP cells were pre-treated for 3 hr with vehicle (V) or tihie indicated 
concentrations of inhibitors. The cells were then treated with vehicle or phorbol 1 2, 
13-dibutyrate (PDB), lysed and the lysates normalized for Ran expression. Aliquots of the 
normalized lysates wore electrophoresed and immunoblotted. (B) LNCaP and C4-2 cells were 
treated with vehicle or EGF, lysed and the lysates normalized and immunoblotted. (C) LNCaP 
and C4-2 cells were treated with vehicle or EGF, lysed and the endogenous RSK2 
immunoprecipitated (IP). An in vitro kinase assay was performed with the RSK2 BP (12). 
Aliquots of the IP were also electrophoresed and immunoblotted. The specitic activity was 
determined by dividing the kinase data by the relative amounts of RSK2 determined by 
densitometry of the immunoblots. 

Fig. 12 Expression of phospho-pl40, RSKl and RSK2 in human prostate cancer (PC) and 
normal (N) human prostate. Human tissue was obtained from the Tissue Procurement Facility at 
the Univ. Virginia. The tissue was finely ground in the presence of Bquid N2 and then denatured 
in lysis buffer. The lysates were normalized to Ran expression and the normalized aliquots were 
electrophoresed and immunoblotted. (* tissue adjacent to tumor) 




Fig. 13 SLOlOl inhibits the proliferation of cancer cells but not normal cells. (A) MCF-7 
and MCF7IOA cells and (B) LNCaP cells were treated with vehicle of 50 M SLOlOl or U0126 
and a proliferation assay using CellTiter-Glo Lununescent Cell Viability Assay (Promega) was 
performed 44 hrs after treatment. The data are expressed relative to tune 0. 

Fig. 14 Rskl and Rsk2 are overexpressed in a nmnber of himian breast and prostate 
cancer tissues. (14A) Normal (N) and cancerous breast tissue (LC, lobular carcinoma; MC, 
mucinous carcinoma; A, adenocarcinomas) was finely groimd in the presence of liquid N2 and 
lysed in SDS-loading buffer. The lysates were normalized to Ran and inununoblotted as shown. 
This selection is a representative sample of our 26 observations to date. (14B) abbreviations are 
as follows: Normal (N), prostate cancer (PC) and benign hyperplastic prostate (BPH. 

Fig. 15 Rsk2 specifically activates ER - and AR-mediated transcription. (A) MCF-7 or 
(B) LNCaP cells were co-transfected with a luciferase reporter and -galactosidase e^qpression 
vectors. Additionally, the cells were transfected with either control vector (V) or a vector 
encoding constitutively active Rsk2 (Rsk2(Y707 A)). The cells were treated with either vehicle, 
10 nM estradiol or 5 nM R1881 and/or 100 ng/ml EGF. Luciferase and -galactosidase activity 
were determined and the luciferase data were divided by the -galactosidase activity to control for 
differences in transfection efficiency. .The data were normalized so that, in the vector control, the 
response to vehicle addition was zero and the response to either estradiol or R18181 was 100. 
The values are +SEM. *P<0.05 and **P<0.01 (Student's t-test) obtamed by comparing the 
response obtained with the vector control with that obtained with Rsk2(Y707A). 

Detailed Descriptton of tihe Invention 
Definitions . 

In describing and clauning the invention, the following terminology will be used 
in accordance with the definitions set forth below. 

As used herein, the term "purified" and like terms relate to the isolation of a 
molecule or compound in a form that is substantially firee (at least 60% fi-ee, preferably 75% fi-ee, 
and most preferably 90% firee) firom other components normally associated with the molecule or 
compound in a native environment 
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As used herein, the tenn "phaimaceutically acceptable carrier" includes any of the 
standard pharmaceutical carriers, such as a phosphate buffered saline solution, water and 
emulsions such as an oil/water or water/oil emulsion, and various types of wetting agents. 

As used herein, an "effective amount" means an amount suf35cient to produce a 
selected effect. For example, an effective amount of an Rsk inhibitor is an amount of the 
inhibitor sufficient to suppress Rsk activity in a serine/threonine kinase assay. 

The general chemical terms used in the description of the compounds of the 
present invention have their usual meanings. For example, the term "alkyl" by itself or as part of 
another substituent means a straight or branched aliphatic chain having the staled number of 
carbon atoms. 

The term "halo" includes bromo, chloro, fluoro, and iodo. 

The term "haloallq^l" as used herein refers to a alkyl radical bearing at least one 
halogen substituent, for example, chloromethyl, fluoroethyl or trifluoromethyl and the like. 

The term "Ci -C^ alkyl" wherein n is an integer, as used herein, refers to a 
branched or linear alkyl group having from one to the specified number of carbon atoms. 
Typically C, -C5 alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, 
butyl, iso-but/1, sec-butyl, tert-butyl, pentyl, hexyl and the like. 

The term "C2 -C„ alkenyl" wherein n is an integer, as used herein, represents an 
olefinically unsaturated branched or linear group having fix>m 2 to the specified number of 
carbon atoms and at least one double bond. Examples of such groups include, but are not limited 
to, 1-propenyl, 2-propenyl, 1,3-butadienyl, l-butenyl, hexenyl, pentenyl, and the like. 

The term "C2 alkynyl" wherein n is an integer refers to an unsaturated 
branched or linear group having firom 2 to the specified number of carbon atoms and at least one 
triple bond. Examples of such groups include, but are not limited to, 1-propynyl, 2-propynyl, 1- 
butynyl, 2-butynyl, 1-pentynyl, and the like. 

As used herein, the term "optionally substituted" refers to zero to four 
substituents, wherein the substituents are each independently selected. More preferredly, the 
term refers to zero to three independently selected substituents. 



As used herein the tenn "aryl" refers to a mono- or bicyclic carbocyclic ring 
system having one or two aromatic rings including, but not limited to, phenyl, naphthyl, 
tetrahydronaphthyl, indanyl, indenyl, and the like. Aryl groups (including bicyclic aryl groups) 
can be unsubstituted or substituted with one, two or three substituents independently selected 
from loweralkyl, haloalkyl, alkoxy, amino, allQrlamino, dialkylamino, hydroxy, halo, and mtio. 
Substituted aryl includes aryl compounds having one or two C, -Q alkyl, halo or amino 
substituents. The term (alkyl)aiyl refers to any aiyl group which is attached to the parent moiety 
via the alkyl group. 

The term "Cs -Cq cycloalkyl" wherein n = 4-8, re^xresents cyclopropyl, cyclobutyl, 
cyclopentyl, (^clohexyl, cyclohqjtyl, and cyclooctyl. 

The term "heterocyclic group" refers to a Ca-Cg cycloalkyl group containing from 
one to three heteroatoms wherein flie heteroatoms are selected Aom the group consisting of 
oxygen, sulfur, and nitrogen. 

The term "bicycHc" represents either an unsaturated or saturated stfible 7- to 12- 
membered bridged or fused bicyclic carbon ring. The bicycHc ring may be attached at any carbon 
atom which affords a stable sfructure. The term includes, but is not limited to, naphthyl, 
dicyclohexyl, dicyclohexCT^yl, and the like. 

The term "lower alkyl" as used herein refers to branched or straight chain alkyl 
groups comprising one to eight carbon atoms, including methyl, ethyl, propyl, isopiopyl, n-butyl, 
t-butyl, neopentyi and the like. 

The term, "parenteral" means not through the alimentary c^al but by some ottiet 
route such as subcutaneous, intramuscular, intraspinal, or intravenous. 

As used herein, the term "treating" includes alleviating the symptoms associated 
with a specific disorder or condition and/or preventing or eliminating said synqitoms. 

As used herein, the term "RSK mhibitor" includes any compound or condition that 
specifically inhibits RSK kinase activity. Such inhibitory effects may result from direcUy or 
indirectly interfering with the protein's ability to phosphorylate its substrate, or may result from 
inhibiting the expression (transoiption and/or translation) of RSK. 
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The Invention 

p90 Ribosomal S6 Kinase (RSK) is a serine/threonine kinase that is a downstream 
component of the Mitogen-activated Protein Kinase (MAPK) signaling pathway and is activated 
by MAPK. MAPK is activated by several diverse signals under normal conditions and is 
hyperactive in many diseased states due to improper regulation of the signaling pathway. 
Activation of MAPK results in increased RSK catalytic activity. However, defining the 
physiological function of RSK activation under normal and diseased conditions has been difficult 
because there are no RSK-specific inhibitors. 

As described herein an Rsk-specific inhibitor has now been identified fix>m botanical 
extracts using novel high throughput screening (HTS) Enzyme-Linked Immunosorbent Assays 
(ELISA) fliat produce luminescence as a measure of substrate phosphorylation. To discriminate 
extracts containing Ser/Hir kinase inhibitors Srom those containing niusance compounds, a dual 
screen of the ^tracts was performed usmg eith» a constitutively active mutant of isoform 2 of 
Rsk (Rsk2) or the catalytic domain of the tyrosine kinase. Focal Adhesion Kinase (FAK). Of 
1 500 botanical extracts assayed, only one, fi:om Forsteronia rejracta, a member of the Dogbane 
femily, inhibited Rsk2 without inhibiting FAK (Fig. 6a). To determine whether the extract 
contained a general Ser/Thr kinase inhibitor, activities of the archetypal Ser/Thr kinase, protein 
kinase A (PKA) and of two kinases most closely related to Rsk2, p70 S6K and Mskl, were 
measured in the presence of varying amounts of extract (Fig. 6b). Amounts of extract that 
inhibited Rsk2 activity by 90% did not inhibit PKA, p70 S6K or Mskl to a greater extent than 
FAK Thus, the F. refracta extract contains an inhibitor with remarkable specificity for Rsk2 
relative to these other AGC kinase fanaily members. 

The effect of extract on Rsk2 activity was measured in the presence of increasing 
concentrations of ATP (Fig. 6c). Extract did not reduce the maximal velocity of the reaction, but 
increased the concentration of ATP required to support half-maximal velocity by approximately 
20-fold. Thus, the mechanism of Rsk inhibition by the extract is competitive with respect to 
ATP. 

One embodiment of the present invention is directed to compositions comprising an 
extract firom the plant Forsteronia refracta (a member of the dogbane famUy found in the South 
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American rain forest) fliat has activity as an RSK specific inhibitor. More particularly the present 
invention is directed to an alcohol, preferably methanol, extract of wood stem and/or stem bark 
of Forsteronia refracta. In one embodiment the present invention is directed to a composition 
comprising one or more purified flavonoids extracted from the tissues of Forsteronia refracta. 
These compositions can be further combined with pharmaceutically acceptable carriers and other 
therapeutic compounds to provide therapeutic pharmaceutical compositions for treating a wide 
range of diseases that are associated with inappropriate Rsk activity. 

In one embodiment the present invention is directed to a composition comprising a 
compound of the general formula: 




I 



wherein R„ and R3 are independently selected fi-om the group consisting of H, hydroxy 
-OCOR,, -COR4 and C,-C4 alkoxy, and R4 is H or C,-C4 alkyl. In one embodiment R, and R2 are 
independently selected fsxym the groi^) consisting of hydroxy and -OAc and R3 is -OAc. The 
compositions may fiuther cotnptise a phamiaceulically acceptable carrier. 

The individual compounds, SLOlOl-1, SLOlOl-2 and SJX)101-3 (see Fig. 1), are 
collectively rfeferred to as SLOIOI. SLOlOl-1, SLOlOl-2 and SLOlOl-3 are ATP-mimetics (see 
Examples 1 & 2) that inhibit RSK in vitro with ICjoS of 90 nM, 580 nM and 190 nM, 
respectively (Fig. 2). However, they do not inhibit the evolutionarily related p70 S6 kinase and 
Mitogen- and Stress-activated Protein Kinase (MSK). In addition, they do not inhibit the 
prototypical saina'threonine kinase Protein Kinase A or the tyrosine kinase Focal Adhesion 
Kinase (FAK) (Fig. 3). 
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Specific inhibition of RSK in situ was deteimined by incubation of MCF-7 cells in the 
presence or absence of increasing concentrations of extract flection enriched in SLOlOl prior to 
stimulation of the MAPK pathway with phorbol dibutyrate (PDB). The presence of the RSK 
inhibitor eliminated phosphorylation of the RSK substrates Estrogen Receptor alpha (ERa) and 
ppl40 as determined using phospho-specific antibodies developed using the RSK 
phosphorylation site in the ERa as the antigen (Fig. 4). However, the inhibitor did not alter 
phosphorylation of RSK by MAPK as indicated by the generation of RSK wifli reduced mobility 
observed following SDS-PAGE. The inhibitor did not influence activation of MAPK by the 
MAPK Kinase, MEK as determined by Hbe phospho-specific antibody recognizing active MAPK. 
Therefore, SLOlOl did not inhibit the catelyttc activity of Protein Kinase C (PKC), RAF. MEK. 
or MAPK because these kinases are essoitial to cause phosphorjdation of RSK in cells 
stimulated with PDB. Thus, SLOlOl is a RSK-specific inhibitor in situ as weU as i« vitro and 
can be used as an mvestigative tool for defining the fimction of RSK in situ. 

Inhibition of RSK inhibits prolif^tion of Ha-ras-transformed NIH/3T3 cells wifliout 
influencing Oie proliferation rate of non-ttansfonned NIH/3T3 cells. Ha-ras-ttansformed 
NIH/3T3 cells or paraital NIH/3T3 cells were incubated in the presence of vehicle, 50 mM 
SLOlOl, or 50 mM PD 98059, a MEK-specific inhibitor. The presence of SU>101 inhibits Ha- 
ras-transformed NIH/3T3 ceU proliferation over a 48 hour thne course, even in the presence of 10 
% fetal calf serum (Fig. 5). However, SLOlOl had little influence on the rate of parental 
NIH/3T3 proliferation compared to that observed in the presence of vehicle. An influence on the 
proliferation rate by the MEK inhibitor, PD 98059 was observed only when cells were incubated 
m flie presence of low concentrations of fetal calf serum (0. 1 - 1 %) ( data not shown). 

Thus, RSK-specific inhibitors have been shown to inhibits proliferation of a transformed 
cell without substantially altering the rate of non-transformed cell growth. Therefore, SLOlOl is 
not toxic to non-transformed cells. These data suggest that RSK-specific inhibitors can be used 
as an anti-cancer therapy by abolishing the growth of malignant tumors without toxic effects on 
the normal tissues. In addition, because SLOlOl inhibits RSK specifically in situ without toxic 
effects, RSK mhibitors can be also be used as therapeutic interventions in non-terminal diseased 
states such as epilepsy in which the MAPK signaling pathway is improperly regulated. In 

-10- 




accordance with dne embodiment, the RSK-specific inhibitors of the present invention are used 
to treat cancer and neurological disorders. "Treating" as used herein includes administering 
therapy to prevent or cure the disease (for example, for cancer this includes inhibiting tumor 
initiation and progression), as well as alleviating the symptoms associated with the 
disease/disorder. 

In accordance with one embodunent of the present invention a method for inhibiting Rsk 
kinase activity in a subject is provided, as a means of treating an illness associated with 
inappropriate Rsk activity. For example such.a method can be used to treat a patient diagnosed 
with a neoplastic disease. In accordance with one embodiment the method comprises the steps of 
administering to said subject a ther^eutically-effective amount of a composition comprising an 
extract fiom the tissues of Forsteronia refracta. Applicants have demonstrated that Rsk 
inhibitors are effective in preventing the proliferation of prostate and breast cancer cells. Hie 
active natural compounds isolated ftom the tissues oi Forsteronia refracta can be combined, or 
used in conjunction witii, other known anti-cancer agents such as chemotherapeutics or radiation 
treatments to effectively treat cancer patients. 

The Rsk inhibitory compositions of the present invention can be administered either 
orally or parenterally. In one embodiment Rsk inhibiting composition is administered locally by 
injection or implantable time release device. When administered orally, the compounds can be 
administered as a liquid solution, powder, tablet, capsule or lozenge. The compounds can be 
used in combination with one or more conventional pharmaceutical additive or excipients used in 
the preparation of tablets, capsules, lozenges and other orally administrable forms. When 
administered parenterally, and more preferably by intravenous injection, the derivatives, of the 
present invention can be admixed with saline solutions and/or conventional IV solutions. 

One embodiment of the present invention is directed to phaimaceutical compositions 
comprising an Rsk iiihibitory extract of and a phannaceutically acceptable cairi^. The 
phaimaceutically acceptable carrier can be selected from among flie group consisting of 
excipients, disintegrating agents, binders and lubricating agents. In a further aspect, the present 
invention provides a phaimaceutical composition comprising a flavonoid of the general formula I 
as defined above and a phannaceutically acceptable carrier or diluent The amount of the 
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pharmaceutical agent suitable for administration will be in accordance with standard clinical 
practice. 

Example 1 
Screening protocol 

A high throughput screening (HTS) Enzyme-Linked Immunosorbent Assays (QLISAs) 
that can be used to screen for inhibitors of the various classes of kinases has been developed. 
These BLISAs can be used to obtain a robust signal-to-noise level for each of the various classes: 
RSK represents the class of Ser/Thr kinases, focal adhesion kinase (FAK) represents the Tyr 
kinases and extracellular-signal regulated kmase 2 (BRK2) represents the Pro-directed Ser 
kinases. The BLISAs utilize horseradish peroxidase (HRP)-conjugated phosphospecific 
antibodies or phosphospecific antibodies in combination with HRP-conjugated secondary 
antibodies. The Z' factor of an assay is a statistical characteristic of the quality of the assay with 
respect to the dynamic range and data variation of the signal measurements. A Ti factor equal to 
1 represents the ideal assay with no background and no deviation of signal, whereas a Z' ^ 0.5 
indicates that the signal window is small to non-existent. The 7] of the HTS ELISAs that we 
developed is -0.8, substantially higher than other HTS assays developed for the identification of 
kinase inhibitors. We have successfully used this HTS ELISAs to screen a botanical extract 
library. Each plate in the screen contained 80 extracts as well as controls. These controls ensure 
that there was no plate-to-plate variation in the screen. 

Using the GENESIS Workstation 150 our throughput rate is --2000 assays/day. 
Therefore, screening in duplicate the NCI synthetic set of compoimds, which consists of 1990 
compounds in the Diversity set, 879 compounds in the Mechanistic set and 57 compounds in the 
Challenge set, will take - 3 days. Data analysis will take - one week. However, a single screen 
of the entire collection of natural products extracts of 140,000 in duplicate can be accomplished 
in -140 days. Data analysis will take several months. 



-12- 




Example 2 

Isolation of Rsk inhibitors 

To identify a Rsk-specific inhibitor from botanical extracts, a novel high throughput 
screening (HTS) Enzyme-Linked Immunosorbent Assays (ELISA) that produce luminescence as 
a measure of substrate phosphorylation was used. To discriminate extracts containing Ser/Thr 
kinase inhibitors from those containing nuisance compounds, a dual screen of the extracts was 
performed using either a constitutively active mutant of isoform 2 of Rsk (Rsk2) or the catalytic 
domain of the tyrosine kinase. Focal Adhesion Kinase QFAK), Of 1 500 botanical extracts 
assayed, only one, from Forsteronia refracta^ a member of the Dogbane family, inhibited Rsk2 
without inhibiting FAK (Fig. la). 

Purification and structure determmation of three inhibitors isolated in methanolic extracts 
from the plant Forsteronia refracta have been completed. The methanolic extract fr^om wood 
stem and stem bark of Forsteronia refracta was applied to a polyamide 6S column, which was 
washed successively with H^O, 1:1 H^O MeOH, 9:1 CHjCVMeOH, 1:1 CRJCX^-MtOR and 9:1 
MeOH-NH40H to afford five fi:actions. The 9:1 CHjCVMeOH and 1:1 CHaCVMeOH firactions 
showed stronger inhibition of RSK than starting material. The 1:1 CHjCVMeOH fraction was 
. further fractionated on a diol gel coliunn. The column was eluted successively with CHjClj, 99: 1 
CHjCVMeOH, 95:5 CH2Cl2-MeOH, 90:10 GHjCl^-MeOH and MeOH to give five fractions. 
Among these, the 95:5 CHjClj-MeOH, 90:10 CH^CVMeOH and MeOH fractions showed the 
same or stronger activity than the starting material. The 95:5 CHjCVMeOH fraction was 
fractionated repeatedly on a C,8 reverse phase HPLC column (250'10 mm); elution was carried 
out with 65:35 MeOH-HjO and UV detection was at 265 nm. Two compounds, SLOlOl-1 and 
SLOlOl-2 were obtained as amorphous pale yellow powders. On the basis of its ^H NMR 
spectrum and positive APCtMS, SLOlOl-1 was foimd to be kaempferol 3-a-L-(3",4' -diacetyl) 
rhamnopyranoside and SLOlOl-2 was proved to be kaempferol 3-a-L- (2",4**-diacetyl) 
rhamnopyranoside (See Fig. 1). 

The 90:10 CH2CI2-M6OH fraction from above diol column was also fractionated repeatedly 
on a Ci8 reverse phase HPLC column using 45:55 HjO-MeOH as the eluant and UV detection at 
275 nm. The active constituent, SLOlOl-3, was obtained as an amorphous powder. On the basis 
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of its 'H NMR and "C NMR data, the confound was found to be kaempferol*3-a-L- (4' -acetyl) 
rhamnopyranoside (SLOlOl-3)- 

Structural determination identified the inhibitor, as a kaempferol glycoside (Fig. 6e),. The 
in vitro IC50 was determined to be less than 100 nM (Figs. 6d and 6e), whereas the IC50 of 
SLOlOl-1 kaempferol, the flavonoid constituent of SLOlOl-1 was determined to be 15 M for 
Rsk (Fig. 6d). Therefore, the rhamnose moiety of SLOlOl-1 greatly increases the affinity for 
Rsk. Purified SLOlOl-1 is specific for inhibition of Rsk activity compared to p70 S6K and Mskl 
and is competitive with respect to ATP (Fig. 6f). 

Rsk contains two non-related kinase domains in a single polypeptide chain. The NTKD 
is mostly closely related to p70 S6K whereas the carboxyl-terminal kinase domain (CTKD) is 
most similar to the cahnodulin-dependent protein kinases. Regulation of Rsk2 is complex and 
requires a cascade of phosphorylations resulting from the actions of MAPK, the CTKD of Rsk 
itself, and 3-phosphoinositide-dqpendent protein kinase-1 . The NTKD phosphorylates 
exogenous substrates whereas the only known function of the CTKD is autophosphorylation. 
Inhibition of Rsk by SLOlOl-1 could occur through interaction with either kinase domain. To 
determine the domain inhibited by SLOlOl-1, the ability of SLOlOl-1 to inhibit fiilUength or a 
truncation mutant of Rsk2 containing only the NTKD (Rsk2(l-389)) was compared (Fig, 7a). 
SLOlOl-1 potently inhibited the isolated Rsk2 NTKD, indicatuig that inhibition of Rsk occurs 
through competition with ATP for the nucleotide-binding site of the NTKD. 

Alignment of residues forming the ATP-binding pocket of Rsk with those of p70 S6K, 
Mskl and PKA revealed a difference in contacts to the adenosine ring. Indeed, the sequence 
145LILDFLRGGDLFT157, referred to as the adenosine-interacting loop (AIL), is unique to the 
Rsk family (Fig. 7b). To examine the importance of this region in determining SLOlOl-1 
specificity, a mutant Rsk2 was created in which the p70 S6K AIL (147LILEYLSGGELFM159) 
replaced that of Rsk2 (Rsk2-AILmutant). SLOlOl-1 was ~ 3-fold less effective in inhibiting the 
mutant in comparison to wild type Rsk2 (Fig. 7c). Therefore, the unique adenosine-interacting 
loop of Rsk is a major determinant for SLOlOl-1 binding. However, the mutation did not 
completely abolish inhibition by SLOlOl-1, indicating ttie presence of additional points of 
contact. To determine whether the unique adenosine-interacting loop is sufficient for SLOlOl-1 
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specificity the isozyme specificity of SLOlOl-1 was examined. The primary stracture of the 
NTKDs of the Rsk isoforais 1-3 are highly related, sharing 87% identity and each contain the 
unique adenosine-interacting loop. Remarkably, however, although SLOlOl-1 potently reduced 
Rskl and Rsk2 activity, the Rsk3 activity was only partially inhibited (Fig. 7c). Thus, the 
adenosine interacting loop is necessary but not sufficient for conferring SLOlOl-1 specificity and 
the Rskl and Rsk2 isoforms must have additional contact points that increase the affinity for 
SLOIOI-L These results fiirther attest to the remarkable specificity of SLOlOl-1. 

Methods 

Polyamide 6S (pour density 0.25 g^mL, a product of Riedel-de Haen, Germany) was 
obtained fix>m Crescent Chemical Co. Lichroprep diol (40-63 m) is a product fl^m EM 
Industries, Inc. A Kromasil C18 reverse phase column (250 1 0 mm, 5 m) for HPLC was 
obtained from Higgins Analytical Inc. IH NMR spectra were measured on General Electric QB 
300, GN-300 NMR or Varian unity INOVA-500 spectrometers. Mass spectra were recorded on a 
Fimiigan MAT 4600 mass spectrometer. 

Wood stem and stem bark of Forsteronia' refiracta was soaked three times .with methanol 
at room temperature. The resulting methanol solutions were combined and concentmted under 
diminished pressure to afford the cmde extract. The crude extract (888 mg) was applied to a 
40-g polyamide 6S column, which was washed successively with 150 mL each of H20, 1:1 
H20- MeOH, 9:1 CH2C12-MeOH, 1:1 CH2C12-MeOH and 9:1 MeOH-NH40H to afford five 
fi-actions. The 1:1 CH2C12-MeOH fi-action (126.7 mg) showed stronger inhibition of Rsk than 
the starting original extract The 1:1 CH2C12- MeOH fraction was fiirther firactionated on a 30-g 
diol gel column. The column was washed, respectively, with 150 mL each of CH2C12, 99:1 
CH2C12-MeOH, 95:5 CH2C12-MeOH, 90:10 CH2C12.MeOH aad MeOH to give five firactions. 
Among these, the 95:5 CH2C12-MeOH (38.1 mg) flection showed the same or stronger activity 
than the starting material. The 95:5 CH2CI2-MeOH fraction (4 mg) was fractionated repeatedly 
on a CI 8 reverse phase HPLX; column (250 10 mm); witti elution was 65:35 MeOH-H20 at a 
flow rate of 3 mL/min, witii UV detection at 265 ran. SLOlOl-1 (2 mg) was obtained as an 
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amoiphous pale yellow powder. From the IH NMR and positive APCI-MS, SLOlOl-1 was 
confirmed to be kaempferol 3- -L-(3",4"-diacetyl) rhamnopyranoside 

Example 3 

In vivo activity of Rsk Inhibitors 

To detemiiiie whether SLOlOl-1 inhibits Rsk in intact cells, phosphorylation of pl40, a 
Rsk substrate of unknown function, was examined in a human breast cancer cell line, MCF-7. 
Pre^incubation of cells with 100 M SLOlOl-1 abrogates phorbol dibutyrate (PDB)-induced pl40 
phosphorylation as does 50 M U0126, a MEK inhibitor (Fig. 8a). SLOlOl-1 does not effect the 
phosphorylation of Rsk2, as indicated by the reduced electrophoretic mobility of Rsk2, nor the 
activation of MAPK, as detected by the anti-active MAPK antibody (Fig. 8a). Therefore, 
SLOlOl-1 does not inhibit iqpstream kinases necessary for PDB-stimulated Rsk phosphorylation, 
namely MAPK, MEK, Raf and PKC These data indicate that SLOlOl-1 is an effective and 
specific Rsk inhibitor in intact cells. 

The importance of MAPK to proliferation and oncogenesis is well established. However, 
the role that Rsk plays in these processes has not been examined. Therefore, the effect pf 
SLOlOl-1 on proliferation of Ha-Ras transformed NIH/3T3 cells and the parental cell line was 
determined. SLOlOl-1 decreased the growth rate of the transformed cells but had little effect on 
proUferation of the parental line (Fig. 8b). SLOlOl-1 produced striking morphology changes m 
the transformed cells but not in the parental cell line. The vehicle control treated Ha-Ras 
transformed cells were elongated whereas in response to SLOlOl-l the cells became much larger 
and flatter, appearing more like the parental cells, or like Ha-Ras transformed cells treated with 
U0126 (Fig. 8c). Removal of SLOlOl-1 resulted in growth of the transformed cells and a 
reversion to their elongated phenotype (Fig. 8d). These results demonstrate that SLOlOl-1 can 
penetrate mtact cells, but is not toxic and preferentially inhibits the growth of 
oncogene-transformed cells compared to the parental cells. 

Whether or not SLOlOl-1 could inhibit the growth rate of MCF-7 cells, which are more 
representative of human cancers than the Ha-Ras transformed cell line, was also investigated. 
Remarkably, SLOlOl-1 inhibited proliferation of MCF-7 cells but had no effect on ttie growth of 
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the normal breast cell line, MCF-lOA (Fig. 8e), even though SLOlOl-1 prevented the 
PDB-induced pl40 phosphorylation in MCF-lOA cells (Fig. 8a), 

Reduction of Rskl and Rsk2 levels was also accomplished using short, interfering RNAs 
(siRNA), and a combination of siRNAs to both Rskl and Rsk2 was effective in reducing MCF-7 
proliferation (Fig. 8f)- The siRNAs were not as effective at inhibiting growth as SLOlOl-1, 
however Rskl and Rsk2 expression was not completely eliminated and only about 70% of the 
cells were transfected. Noneflieless, these results strongly support observations that both Rskl 
and Rsk2 are important in MCF-7 proliferation. 

As further support of the specificity of SLOlOl-1 action, U0126, the MEK inhibitor, 
halted proliferation of both MCF.7 and MCF-IOA cells (Fig. 9a). Ro 318220 (500 nM), a potent 
but non-specific PKC mhibitor, which inhibits Rsk as well as a number of other AGC kinase 
family members also attenuated proliferation of both MCF-7 and MCF-lOA cells. Moreover, 
kaempferol, the flavonoid constituent of SLOlOl-1 slows growth of MCF-lOA and MCF-7 cells 
to the same extent. Therefore, unlike the action of these other kinase inhibitors, SLOlOl-1 
selectively halts proliferation of cancer cells witiiout affecting normal cells. 

The involvement of Rsk in breast canc^ has not previously been examined. It has been 
suggested in the literature that among the numerous events involved in tumor initiation and 
progression is an increased reliance on the signaling pathway for which regulation has been 
compromised as well as the dormancy of alternative signaling pathways. Thus it is possible that 
the growth of MCF-7 cells have become dependent on the Rsk pathway rendering these cells 
susceptible to inhibition hy SLOlOl-1. The growth of MCF-lOA cells would not be inhibited by 
SLOlOl-1 because all signaling pathways regulating proliferation are intact providing numerous 
mechanisms for circumventing inhibition of a single signaling event. Interestingly, MCF-7 cells 
overexpressed Rsk2 in comparison to MCF-lOA and - 50% of breast cancers have elevated 
levels of either Rskl or Rsk2 compared to normal tissue (Figs. 8a and 9b). It is anticipated that 
the growth of tumors, such as breast cancer, liiat overexpress Rsk will be susceptible to mhibition 
by SLOlOl-1 and that Rsk-specific inhibitors, such as SLOlOl-1 , may find wide spread use as 
chemotherapeutic agents. As reported herein, SLOlOl-1 inhibited proliferation of MCF-7 cells 
but did not cause cell death (Fig. 8e). However, SLOlOl-1 when used in combination with 



-17- 




activation of the stress pathways, e.g. by serum deprivation, significantly reduced cell viability 
compared to vehicle control (Fig. 9c). Thus, Rsk inhibitors may be most effective when 
combined with other anti-cancer therapies, Rsk inhibitors may also be effective at inhibiting the 
growth of cancers in which the MAPK pathway is overactive as indicated by the result that 
SLOlOl-1 inhibited the proliferation of Ha-Ras transformed cells but not the parental cells. 

Our studies have imcovered an unexpected link between Rsk activity and tumor cell 
proliferation revealing the value of Rsk as a novel drug target Additionally, we have identified 
the finst Rsk-specific inhibitor, SLOlOl-1, which will provide a powerful new tool for analyzing 
Rsk function in a variety of biological systems. 

Methods. 

Kinase Assays. Glutathione-S-transferase (GST)-fiision protein (1 g) containing the sequence - 
RRRLASTNDlSlG (for serine/threonine kinase assays) or -VSVSETDDYAEIIDEEDTFT (for 
tyrosine kinase assays) was adsorbed in the wells of LumiNxmc 96-well polystyrene plates 
(MaxiSorp surface treatment). The wells were blocked with sterile 3% tryptone in phosphate 
buffered saline and stored at 4*C for up to 6 months. Kinase (5 nM) in 70 1 of kinase buffer (5 
mM -glycerophosphate pH 7.4, 25 mM HEPES pH 7.4, 1.5 mM DTT, 30 mM MgC12, 0.15 M 
NaCl) was dispensed into each well. Compoxmd at indicated concentrations or velucle was 
added and reactions were initiated by the addition of 30 1 of ATP for a final ATP concentration 
of 10 M unless indicated otherwise. Reactions were terminated after 10 to 45 min by addition of 
75 1 500 mM EDTA, pH 7.5. All assays measured the initial velocity of reaction. After 
extensive washing of wells, jpolyclonal phosphospecific antibody developed against the 
phosphopeptide and HRP-conjugated anti-rabbit antibody (21 1-035-109, Jackson 
hnmunoResearch Laboratories) were used to detect serine phosphorylation of the substrate. 
HRP-conju^ted anti-phospho-tyrosine antibody (RC20, BD Transduction Laboratories) was 
used for phospho-tyrosine detection. His-tagged active Rsk and FAK were expressed in S& cells 
and purified using NiNTA resin (Qiagen). Baculovirus was prepared using the Bac-to-Bac® 
baculovirus expression system (Invitrogen). PKA was bacterially expressed and activated as 
described (Anal. Biochem, 245, 1 15-122 (1997)). Active Mskl and p70 S6 kinase was 
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purchased from Upstate Biotechnology. Immunoprecipitation and kinase assays were perfonned 
as previously describedS using the inraiobilized GST-fusion proteins and EUSAs as above. 

Cell Culture. For proliferation studies cells were seeded at 2500 to 5000 cells per well in 96 
well tissue culture plates in the appropriate mediirai as described by American Type Culture 
Collection, After 24 hr, the medium was replaced with medium containing compound or vehicle 
as indicated. Cell viability was measured at mdicated time points using CellTiter-Glo™ assay 
reagent (Promega) according to manufacturer's protocol. For in vivo inhibition studies, cells 
were seeded at 2.5 XI 05 cells/well in 12 well cell culture clusters. After 24 hr, the cells were 
SCTum starved for 24 hr then incubated with compound or vehicle for 3 hr prior to a 30 min PDB 
stimulation. Cells were lysed as previously described( J. Biol. Chem. 273, 13317-13323 (1998)). 
Ihe lysates were normalized for total protein, electrophoresed and immunoblotted. For cell 
imaging, Ha-Ras-transformed N1H/3T3 cells were seeded on LABTEK H chamber sUdes (Nalge) 
at a density of 1 XI 04 cells/well. After 24 hr, fresh medium was added the indicated compounds 
or vehicle. Images were taken 48 hr after treatment at a magnification of 20X. 

Gene Silencing. Custom oligonucleotides to Rskl and Rsk2 mRNA pharmacon Research Inc.) 
(sequence available upon request) and TransIT-TKO® siRNA Tranfection Reagent (MIR2150, 
Minis Corporation) were used for the gene silencing studies. MCF-7 cells were seeded at a 
density of 1.25X104 cells per well in 24 well cell culture clusters. After 24 hr, fresh medium was 
added containing 25 nM oligonucleotide and transfection reagent according to manufacturer's 
protocol. The transfection medium was replaced after 24 hr. Cells were incubated for an 
additional 48 hr prior to cell viability measurement. 

Breast tissue analysis. Froz^i tissue samples were ground using mortar and pestle under Uquid 
nitrogen- Ground tissue was added to heated 2-X SDS loading buffer and boiled for 3 min. 
Protein concentration of lysates was measured and lysates were electrophoresed on SDS-PAGE 
and immunoblotted. 
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Example 4 

Rsk Inhibitors inhibit proliferation of Prostate Cancer Cell Line 

Prostate cancer is the second most common cancer in men and approximately one in six 
men will be diagnosed with the disease. Early stage prostate cancer is frequently dependent on 
the hormone, androgen. Androgen action is mediated through interaction with the androgen 
receptor, a member of the superfamily of ligand-activated transcription factors. Inhibition of 
androgen receptor activity by pharmacological or surgical interventions that reduce androgen 
concentration can result in prostate tumor regression. However, with relatively high frequency 
the tumors become androgen-independent, which often leads to a fatal outcome. Treatment 
options are confined to conventional chemotherapy because of the lack of specific dmg targets 
associated with androgen-independent prostate cancer. Thus, elucidation of the mechanisms that 
result in the transition of prostate cancer ftom an androgen-dependent to androgen-independent 
state will greatly facilitate the identification of more eflFective therapies. 

An increase in mitogen-activated protein kinase (MAPK) activity has been correlated to 
prostate cancer progression in human tumors. This enhanced activity is most likely due to the 
increase in growth factors and receptors that are known to occur. Activation of growth factor 
receptors enhance MAPK activity via a kinase cascade that is regulated by the small 
GTP-binding protein, p21Ras. The family of p90 ribosomal S6 kinases (RSKs), which are 
Ser/Thr protein kinases, function as downstream effectors of MAPK. The biological actions of 
the RSKs are not well characterized partly because until recently there were no known inhibitors 
of RSK that did not also inhibit MAPK activity. 

The first RSK-specific inhibitor, SLOlOl has now been isolated. SLOlOl inhibits the 
proUferation of the breast cancer cell line, MCF-7, with an efficacy that parallels its ability to 
suppress RSK activity in vivo. Extraordinarily, SLOlOl does not prevent the proliferation of a 
normal breast cell line, MCF-lOA, even though SLOlOl -induced inhibition of a RSK substrate is 
observed in these cells. This exciting differential effect is not mimicked by inhibition of the 
upstream activator of MAPK, using U0126, which inhibits proliferation of both cell types. 
Furthemiore, in NIH 3T3 fibroblasts, SLOlOl reduces the growth of a Ha-Ras-transformed line 
but not of the untransformed parental cells. It is believed that SLOlOl does not mhibit the 
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growth of untransfoimed cells because multiple pathways regulate their proliferation and 
therefore, inhibition of any single signaling event does not influence proliferation. In contrast, 
transformed cells are inhibited by SLOlOl because they preferentially depend on the RSK 
pathway to regulate proUferation. These results provide the first demonstration that the RSK 
family through the regulation of its downstream effectors is involved in the control of cancer cell 
proliferation. Relatively few downstream effectors of RSK have been identified. However, RSK 
is known to phosphorylate and regulate the activity of a numba: of transcription factors, the 
pro-apoptotic protein, BAD, and the mitotic checkpoint kinase, BUBl . Determining which RSK 
substrates play a key role in cancer cell proliferation will undoubtedly lead to the discovery of 
novel drug targets for cancer ther£q;>y. 

Because activation of the MAPK pathway appears to be correlated with prostate cancer 
progression, the ability of SLOlOl to inhibit the proliferation of the androgen-dependent human 
prostate line, LNCaP and the androgen-mdependent line, C4-2 was t^ted. The C4-2 line was 
derived from the LNCaP.line by serial passage in castrated mice and was not e3q)licitly selected 
for changes in the MAPK signal transduction pathway. The LNCaP line is a model for early 
stage and the C4-2 line is a model for late stage prostate cancer. These lines are a good model 
system in which to study the importance of RSK function in prostate cancer progression because 
they have been very well characterized and have a single lineage. SLOlOl completely inhibits 
the proliferation of LNCaP cells but only partially inhibits the proliferation of C4-2 cells (Fig. 
10). This result suggests that the LNCaP line has become primarily dependent on RSK activity 
for growth, but that, during the process of becoming androgen-independent the C4-2 cells have 
bypassed this requirement. 

To investigate the differences in the RSK signal transduction pathway between the 
LNCaP and tiie C4-2 lines, aphosphospecific antibody to a RSK phosphorylation motif (KPM) 
was produced. Only a few downstream effectors of RSK have been identified and therefore, 
applicants anticipated that an anti-RPM antibody would be a very effective tool for identifying 
novel RSK substrates in vivo. An anti-RPM antibody has previously been reported that 
recognizes the RSK substrate, pl40, aprotein of unknown fimction. In agreement with these 
results SLOlOl was observed to decrease the phosphorylation of pl40 with an efficacy that 
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paralleled its ability to inhibit LNCaP proliferation (Fig. 13 A). All our lysates were normalized 
to each other using an anti-Ran antibody. Ran is used for normalization bsteed on the 
observations that it is a general housekeeping protein, the activity or expression levels of which 
are not known to vary in any disease state. 

Interestingly, in C4-2 cells, activation of RSK by epidermal growth factor (EGF) did not 
increase the phosphorylation of pl40 as in LNCaP cells, although, as shown by the anti-active 
MAPK immunoblot, MAPK was activated to the same extent in bofli lines. However, the 
endogenous RSK in C4-2 cells has ~ l/3rd the specific activity as that in LNCaP cells (Fig. 13C). 
These results show that RSK activity has been compromised in C4-2 cells, which results in the 
dismption of the RSK signal transduction pathway, as seen by the absence of pl40 
phosphorylation. Thus, it is Ukely that SLOlOl is unable to effectively inhibit C4-2 proliferation 
due to the inability of RSK to regulate its effectors in these cells. It may be that this disruption 
of the RSK signal transduction pathway is involved in the progression firom 
androgen-dependence to androgen-independence. It may be possible to bypass this disruption in 
RSK signaling with small-molecule modulators of RSK downstream effectors and thereby 
resume normal regulation of the pathway. 

To detennine whether disruption of RSK signal transduction pathway is physiologically 
significant iiormal human prostate and prostate cancer tissue were analyzed for expressioii of the 
RSK isoforms 1 and 2 (RSKl and RSK2) and ttie phosphorylation of pl40. The cancer tissues 
have higher levels of RSKl and RSK2 expression than the normal tissues with the excqation of 
one normal sample, which had a high level of RSKl expression. However, this sample was 
removed firom tissue that was adj acent to cancerous tissue (Fig. 1 3B). Interestingly, 
phosphorylation of pl40 could be detected in normal prostate tissues except for the one iiormal 
tissue that also contained a higher level of RSKl expression. Under the electrophoretic 
conditions used in this experiment the phosphorylated pl40 migrates as a doublet. The 
cancerous tissue was obtained firom tumors with Gleason scores>7, which mdicates that the 
samples are of advanced prostate cancers. 

Malignant transformation and progression in human cancers are firequently associated 
with over-abundance or increased activity of proteins that are involved in normal cellular 
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processes. We have found that fhe Rsks are overexpressed in many human breast and prostate 
cancers, as compared to normal breast and prostate tiss^ue. Lysates were made from the various 
samples and normalized to each otlier using an anti-ran antibody. Ran was used for 
noraialization based on the observations that it is a general housekeeping protein whose activity 
or expression levels are not known to vary in any disease state. We examined Rskl and Rsk2 
expression in 22 breast cancer samples and 4 noraial samples and found that > 50% of the breast 
cancer tissues have higher Rsk expression than the normal samples (Fig. 14A). Rskl and Rsk2 
expression was also examined in 4 prostate cancer, 5 normal and 5 benign hyperplastic (BPH) 
samples. In general, the cancer tissues have higher levels of Rsk expression than the normal and 
BPH tissue with the exception of one normal sample. However, this sample was removed from 
tissue that was adjacent to cancerous tissue (Fig. 13B). The breast and prostate lysates were also 
immunoblotted with anti-pan ERK antibody, which recognizes both the active and inactive forms 
of p42 and p44 MAPK (Fig. 14). The relative levels of p42 and p44 MAPK varied considerably 
between the samples but did not correlate with the extent of Rsk overexpression. Thus Rsk 
overexpression is not merely a reflection of overexpression of various members of the MAPK 
pathway. These preliminary results are encouraging because they suggest that both Rskl and 
Rsk2 activity may be higher in human breast and prostate cancer tumors than in normal human 
breast tissue. These results support our hypothesis that Rsk would be a good drag target for 
breast and prostate cancer, and possibly for other cancer types. 

We have also found that overexpression of the isoform 2 of the Rsk family (Rsk2) 
enhances the transcriptional activity of the estrogen receptor (ER ) and the androgen receptor 
(AR). We generated a constitutively active mutant of Rsk2 to allow us to study the role of Rsk2 
in ER -mediated transcription in the absence of active MAPK. Rsk2 enhanced both ligand- 
dependent and -independent ER -rnediated transcription in MCF-7 cells, a human breast cancer 
cell line (Fig.). Additionally, we have recently found that Rsk2 enhanced the ligand-dependent 
and -independent transcription of AR-mediated transcription in LNCaP cells, a human prostate 
cancer cell line (Fig. 15B). These results are sig^cant because they suggest that the enhanced 
Rsk expression we observed in breast and prostate cancer cells may increase ER or AR 



-23- 




transcriptional activity. Licreased activities of the ER and AR are known to be important in the 
etiology of some breast and prostate cancers, res|)ectiveiy. 



-24- 



Claims 

1 . A method of specijBcally inhibiting Rsk activity, said method comprising the step 
of contacting a Rsk enzyme with a compound having the structure: 




wherein is OH, Rj is OCOCH3 and R3 is OCOCH3. 
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FigM SLOIOl inhibits the proliferation of 
cancer cells but not normal celis, (A)MCF-7 
and MCF'lOA cells and (B) LNCaP cells were 
treated with vehicle or SO fiM SLOW J or U0J26 and 
a proliferation assay using CellTiter-Gio 
Luminescent Cell Viability Assay (Promega) was 
performed 44 hrs after treatment. The data are 
expressed relative to time 0. 
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A MCF-7cclb (endogenous ESflO 
I Rsk2(Y707A) 
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FigJS RskZ specificaliy 
acUvates ERc^ and AR* 
mediated transcription. (A) 
MCF-7 or (B) LNCaP cells were 
co-transfected vfith a luciferase 
reporter and p-galactosidase 
expression vectors. Additionally, 
the celis.were transfecied with 
either control vector (V)ora vector 
encoding const itutivefy active Rsk2 
(Rsk2(Y707A)). The cells were 
treated with either vehicle (_}, JO 
nM estradiol or 5 nM R1882 and/or 
lOOng/mlEGF. Luciferase and P- 
galactosidase activity were 

determined and the luciferase data were divided iiy the p-galactosidase activity to control for differences in transfection efficiency. 
The data were normalized so that, in the vector control, the response to vehicle addition was zero and the respotise to either estradiol 
or RI8I81 was WO. The values are ±^EM. *P<0,05 and **P<0,OI (Student's t-test) obtained by comparing the response obtained 
with the vector control with that obtained with Rsk2(Y707A). 
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